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Abstract 
Superparamagnetic copper ferrite (CuFe2O4) nanoparticles were utilized as a heterogenous catalyst for 
the cross-coupling reaction of indole to form 3,3’-diindolylmethane (DIM) as the desirable product. High 
reaction yield, at around 82%, was achieved under optimal conditions. The CuFe2O4 material could be 
easily separated from the reaction mixture by an external magnetic field and could be reutilized sever-
al times without a significant decrease in catalytic activity. We also showed that no sites of catalyst 
material leached into reaction solution was detected. To our best knowledge, the above cross-coupling 
reaction was not previously conducted under catalysis of superparamagnetic nanoparticles. Copyright 
© 2020 BCREC Group. All rights reserved 
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Research Article 
1. Introduction 
3,3’-Diindolylmethane (DIM) is a dimeric 
product of 3-indolemethanol, generated from 
acidic medium and consists of bis-indole moiety 
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[1]. DIM has been shown to hold potential appli-
cations in treatment of thyroid proliferative dis-
ease via promotion of estrogen metabolism [2] 
and in induction of apoptosis of prostate cancer 
cells in mouse model [3]. DIM is also an im-
portant metabolite that exhibits potential anti-
cancer properties and is produced from the con-
sumption of indole-3-carbinol, a compound cre-
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ated from the glycoside glucobrassicin, which 
widely exists in cruciferous vegetables such as 
broccoli, brussel sprouts, and cauliflower [4]. In 
addition, DIM was shown to possess multiple 
useful bioactivities including antioxidant [5], 
anti-inflammatory [6], antiangiogenic [7], and 
anticancer activities [8]. 
DIM was previously synthesized using dif-
ferent routines and catalysts. Chen et al. [9] 
and Qiang et al. [10] reported the production of 
DIM from indole in methanol solvent with the 
presence of homogeneous catalyst (Ir) in the 
air. Similarly, Zhang et al. [11] demonstrated 
that the derivative of DIM can be synthesized 
by using tetramethylethylenediamine 
(TMEDA) as a methylene corner supplier with 
Cu(II) catalyst reaction at 120 °C, reflux mod-
ule and MeCN solvent. Pu et al. [12] reported 
an efficient synthesis procedure in which indole 
ice DIM was produced with solvent of N,N-
dimethylformamide (DMF), 10 mol% CuCl cat-
alyst, temperature of 140 °C for 14 hours in the 
presence of tert-butyl hydroperoxide (TBHP) as 
an oxidant. Despite the high reaction efficiency 
and selectivity, all aforementioned studies uti-
lized homogeneous catalysts in DIM produc-
tion, presenting difficulty in catalyst recovery 
and going against the emergent trend of green 
chemistry. 
Over the last years, research on nanoparti-
cles of metal based materials has attracted 
much consideration due to their interesting 
properties, such as: superparamagnetism and 
ease of separability, and potential applications 
in a wide range of fields [13–15]. In the field of 
catalysis, copper ferrite nanoparticles have 
been used as a catalyst for a wide range of or-
ganic transformations [16–18]. Among these 
heterogeneous catalysts, functionalized metal 
oxide-based catalysts were used in most cases 
[19–21]. One notable application of copper fer-
rite has been reported by Prakash et al., in 
which CuFe2O4 nanoparticles were assembled 
on carbon nanotubes, affording a nanohybrid 
catalyst that facilely promoted the Huisgen 1,3-
cycloaddition of terminal alkynes with in situ 
generated organic azide under very mild oper-
ating conditions [22]. In another application, 
copper ferrite was doped with cerium to pro-
duce a nanocrystalline catalyst that was capa-
ble of inducing strong photodegradation of me-
thyl orange under UV light [23]. It has been re-
cently reported that unfunctionalized CuFe2O4 
superparamagnetic nanoparticles could be also 
active in organic reactions with high catalytic 
activity and selectivity [24−26]. In our previous 
study, we developed a copper ferrite-catalyzed 
cross-coupling reaction that used TBHP as oxi-
dant to form DIM and investigated the effects 
of various indole substituents on the reaction 
yield [27]. Continuing this research pathway, 
in this study, we wish to report a similar DIM-
forming dimeric reaction of indole and deter-
mined optimal experimental conditions 
(temperature, catalyst amount, solvent type, 
solvent amount, oxidant type and oxidant 
amount) that gave highest reaction yield. 
 
2. Materials and methods 
2.1 Materials and Instrumentation 
Chemicals used in this study were commer-
cially obtained and used as received without 
further purification. X-ray diffraction method 
(XRD) was measured on D8 advance device 
(Bruker) using Cu-K emission source ( = 
1.54 Å). Recording of transmission electron mi-
croscopy images was carried out utilizing 
JEOL-JEM-1400 device at 80 kV. 
Samples taken from reaction mixture were 
analyzed on Shimadzu GC 2010-Plus chro-
matograph using flame ionization detector 
(FID). The column used for analysis is SPB-5 
column (length 30m × internal diameter 0.25 
mm x film thickness 0.25 µm). The tempera-
ture program for gas chromatographic analysis 
is as follows: the initial temperature was held 
at 100 °C for 1 minute, subsequently heated 
from 100 °C to 280 °C at 30 °C/min and then 
held again for 15 minutes. The injection cham-
ber temperature was kept fixed at 280 °C. Di-
phenyl ether is used as an internal standard. 
NMR spectra (1H and 13C) were measured us-
ing Bruker AV 500 equipment operating at 500 
MHz when measuring 1H and at 125 MHz 
when measuring 13C. The standard is Tetrame-
thylsilane. 
 
2.2 Catalytic Studies 
In a typical experiment, the reaction is car-
ried out in the reaction flask (special glass vial 
with a volume of 8 mL). The mixture includes: 
CuFe2O4 catalyst (0.05 mmol), indole (0.5 
mmol), internal standard diphenyl ether (0.025 
mmol), TBHP (1.5 mmol) as an oxidant, and 
N,N-dimethylacetamide (DMAC) (1.5 mL) as 
solvent. The flask was sealed in air and heated 
at 140 °C for 24 hours. The efficiency of the re-
action was monitored by taking 0.1 mL of the 
reaction mixture after the reaction had com-
pleted and dissolving it with a mixture of solu-
tion including distilled water (1 mL) and ethyl 
acetate (2 mL). The ethyl acetate soluble frac-
tion was anhydrous with Na2SO4 salt and ana-
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lyzed by GC. The structure of the product was 
characterized by GC-MS, 1H-NMR, and 13C-
NMR. The recyclability of CuFe2O4 was exam-
ined by removing the liquid phase of reaction 
mixture by an external magnetic field. The cat-
alytic material was washed with large amounts 
of distilled water, ethanol, ethyl acetate, and 
acetone, separated by an external magnetic 
field, and dried under a vacuum at 150 °C for 
180 min. For investigation of leaching test, the 
synthesis reaction was stopped after one hour, 
analyzed by GC, and had catalytic material re-
moved. The reaction mixture was then carried 
out for a further 7 hours. Reaction proceeding, 
if any, was controlled by GC analysis. 
 
3. Results and Discussions 
3.1 Characterization of CuFe2O4 Catalyst 
The CuFe2O4 superparamagnetic nanoparti-
cles were determined by various techniques. 
Figure 1 showed that XRD patterns of the 
CuFe2O4 are consistent with the standard XRD 
patterns JCPDS 01-077-0010 [28]. Transmis-
sion electron microscopy (TEM) revealed that 
most of the particles are spherical and have the 
size that is uniform and in the range of 20-50 
nm (Figure 2). 
3.2 The Synthesis of 3,3’-diindolylmethane 
In the following optimization studies, the 
catalytic activity of CuFe2O4 material was de-
termined in the cross-coupling reaction of in-
dole in the DMAC solvent to form 3,3’-
diindolylmethane as the major product 
(Scheme 1). Its structure was determined by 1H 
NMR, and 13C NMR. In this reaction, TBHP 
could be used as an oxidant. 
Temperature is the first important factor 
that determines reaction yield. The reaction 
was performed in 1.5 mL DMAC solvent with 
Figure 1. XRD diagram of the CuFe2O4. 















Scheme 1. The cross-coupling reaction of indole in N,N-dimethylacetamide solvent using CuFe2O4 cat-
alyst. 
Figure 3. Effect of temperature on the reaction 
conversion. 
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indole (0.5 mmol), utilizing 3 equivalents TBHP 
as a oxidant for 24 hours, with 10 mol% 
CuFe2O4 catalyst at varying temperatures in-
cluding room temperature, 60, 80, 100, 120, 
and 140 °C. From the Figure 3, it was shown 
that the reaction did not take place at tempera-
ture lower than 60 °C. At 80 °C and 100 °C, the 
reaction seemed to be relatively inefficient, re-
sulting in reaction yields of around 45% after 
24 hours. However, as the temperature was ele-
vated to 140 °C, an outstanding enhancement 
in reaction yield was observed, achieving 
around 77% yield after 24 hours. The tempera-
ture at which this reaction was previously car-
ried out varied depending on the catalytic na-
ture, ligand as well as the used substances. In 
particular, lower reaction temperature seemed 
to necessitate longer reaction time, which could 
be more than 48 hours [29]. Therefore, this re-
action is considered as a high temperature re-
action, usually performed in the temperature 
range of 110 °C to 160 °C for many different 
catalytic systems [12,30,31]. 
For an organic transformation utilizing a 
heterogenous catalyst, the amount of used cat-
alyst is an important determinant of yield. The 
reaction was performed in 1.5 mL DMAC sol-
vent with indole (0.5 mmol), utilizing 3 equiva-
lents TBHP as an oxidant at 140 °C for 24 
hours, with the presence of varying amounts of 
CuFe2O4 catalyst of 2.5, 5, 7.5, 10, 12.5 and 15 
mol% (Figure 4). It was observed that the cata-
lyst quantity of 7.5 mol% could afford 70% re-
action yield, while up to 82% reaction yield was 
obtained with 15 mol% of catalyst after 24 
hours. The control experiment was performed 
without copper ferrite nanoparticles, resulting 
the reaction yield of around 7%. Therefore, the 
amount of catalyst of 15 mol% was selected as 
optimal. In fact, the used catalyst quantity of 
15 mol% is not very substantial and is very 
common for oxide-type catalysts. For example, 
copper-iron and copper oxide catalysts were 
previously used in organic synthesis with the 
amount ranging from 10 to 20 mol% [17,32,33]. 
Furthermore, the catalyst quantity of 15 mol% 
is not considerably higher than those of studies 
that aim to form 3.3-Diindolylmethane com-
pound with indole derivatives, including those 
involving homogeneous catalyst systems with 
complex ligands where a catalyst amount of 10 
mol% was still used [34,35]. 
The amount of used solvent is another cru-
cial factor that also significantly affect the con-
version and determination of optimal solvent 
use is essential to justify the economic efficien-
cy of the reaction. The reaction was conducted 
at 140 °C in 24 hours, with the presence of 15 
mol% CuFe2O4 catalyst using 3 equivalents of Figure 4. Effect of amount of catalyst the reac-
tion conversion. 
Figure 5. Effect of amount of solvent on the 
reaction conversion. 
Figure 6. Effect of amount of oxidant on the 
reaction yield. 
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TBHP as an oxidant and in the different sol-
vent ratios of DMAC including 1, 1.5, 2, 2.5 and 
3 mL (Figure 5). The results show that the sol-
vent volume of 1.5 mL gave the highest effi-
ciency of 82%. Afterwards, increasing the vol-
ume of used solvent seemed to reduce the reac-
tion yield. This suggests that 1.5 mL of solvent 
is optimal to efficiently convert 0.5 mmol of in-
dole through this reaction. The trend could be 
obviously explained by the reduced interaction 
of substances containing in the diluted reaction 
medium, which greatly affects the reaction effi-
ciency. The reported solvent use in this study is 
consistent with results of most other studies on 
the synthesis of DIM compounds where the 
maximum quantity of the used solvent was 3 
mL [35,36]. 
In the following survey, the amount of oxi-
dant was examined with respect to reaction 
yield. The reaction was performed at 140 °C for 
24 hours, with 15 mol% CuFe2O4 catalyst, uti-
lizing the various oxidant amounts of 0.5 equiv, 
1 equiv, 2 equiv, 3 equiv, and 4 equiv (Figure 
6). Noticeable improvement in yield was ob-
served when increasing the TBHP amount 
from 0.5 to 1 equiv. However, increasing the 
amount of TBHP from 1 equiv to 2 equiv only 
caused the reaction yield to slightly improve by 
approximately 2%. Therefore, the amount of 
oxidant used in the cross-coupling reaction was 
selected at around 1 equiv. This result is rela-
tively consistent with some previous studies on 
DIM compounds [30,37]. In addition, the use of 
oxidant at a ratio of 1: 1 compared to indole 
was able to achieve almost complete conversion 
and selectivity up to 82% after 24 hours, so the 
investigation of the use of oxidant at larger 
concentrations is not strictly necessary. 
To gain further insights into feasibility of 
the use of TBHP in this reaction, we compared 
the yields obtained using different oxidants in 
the following survey (Figure 7). The results 
showed that the reaction yield achieved when 
using TBHP, at 82%, far surpassed that ob-
ta ined  u s ing  DTBP o r  2 ,2 ,6 , 6 -
tetramethylpiperidinyl-1-oxyl (TEMPO). Addi-
tionally, the reaction did not seem to occur 
with O2, Ar or no oxidant. This is consistent 
with results of previous studies which indicat-
ed that the reaction only occurs with the pres-
ence of radicals as reaction intermediates 
[12,34,36]. 
Figure 7. Effect of oxidant on the reaction 
yield. 
Figure 8. Effect solvent on the reaction conver-
sion. 
Figure 9. Effect of homogeneous catalysts on 
the reaction conversion. 
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The effect of used solvent was examined by 
comparing yields obtained with different sol-
vents. The synthetic reaction of DIM product 
was conducted at 140 °C in 1.5 mL of solvent 
for 24 hours, with 15 mol% CuFe2O4 catalyst 
using 1 equivalent of TBHP as an oxidant, with 
various solvents (Figure 8). The results showed 
that the performance varied greatly between 
different types of solvents. In general, polar sol-
vents, such as: DMAC, DMF and -alumina 
(NMA), produced much higher efficiencies com-
pared to less polar solvents, such as: 1,4-
dioxane, m-xylene and p-xylene. The DMAC 
solvent gave the highest reaction efficiency of 
around 82% yield. 
To justify the use of CuFe2O4 superpara-
magnetic nanoparticles in the reaction, we car-
ried out the reaction at 140 °C in 1.5 mL of sol-
vent for 24 hours, with the presence of various 
homogenous and heterogenous catalysts. The 
results shown in Figure 9 illustrated that 
a m o n g  h o m o g e n e o u s  c a t a l y s t s , 
Cu(CH3COO)2.H2O gave the highest efficiency 
of 76%. However, comparing with results of 
heterogenous catalysts, this yield was still low-
er than that achieved with CuFe2O4 catalyst, at 
82%. The results shown in Figure 10 also illus-
trated that other types of magnetic nanoparti-
cle are not as effective as CuFe2O4 superpara-
magnetic nanoparticle in catalyzing the cross-
coupling reaction. It is worth noting that all ex-
amined metal–organic framework (MOF) mate-
rials resulted in very high yields in which the 
outstanding efficiency, at 91%, was achieved 
when using MOF-199. However, the use of 
MOFs is not in line with the objective of this 
study, which is to identify a catalyst that is en-
vironmentally friendly, re-recyclable, highly 
heat-resistant and easily recoverable with an 
external magnetic field. Moreover, it is specu-
lated that MOF materials often exhibit poorer 
thermal stability than magnetic materials. As 
such, as the reaction was carried out under ele-
vated temperatures, part of the material core 
and ligand existing in the reaction media may 
impair the reaction efficiency. Based on the 
heterogeneous catalyst property, CuFe2O4 ma-
terial is a suitable catalyst for reaction in this 
study. 
The dissolution of active sites on the hetero-
genous catalyst into the solution occurring dur-
ing the reaction might affect recoverability, se-
lectivity and reusability of the used catalyst. 
To determine whether the dissolution of active 
sites of the CuFe2O4 catalyst contributed to the 
generation of desired product, an experiment 
under optimal conditions was performed with 
the magnetic separation of catalyst (leaching 
test). The reaction was carried out at 140 °C in 
DMAC solvent for 24 hours, utilizing indole 
(0.5 mmol) with one equivalent of TBHP as oxi-
dant and the presence of 15 mol% CuFe2O4 cat-
alyst. After 60 minutes reaction time, the 
DMAC phase was separated from the reaction 
solution by an external magnetic field, trans-
ferred to a new round bottom flask, which was 
heated for 7 hours at 140 °C. As indicated in 
the graph (Figure 11), generation of              
3,3’-diindolylmethane ceased after the CuFe2O4 
catalyst had been removed from the reaction 
Figure 10. Effect of heterogenous catalysts on 
the reaction yield. 
Figure 11. Leaching test showing no contribu-
tion from homogeneous catalyst of active spe-
cies leaching into reaction solution. 
 
Bulletin of Chemical Reaction Engineering & Catalysis, 15 (3), 2020, 637 
Copyright © 2020, BCREC, ISSN 1978-2993 
mixture at the one-hour mark. These results 
indicated that presence of the CuFe2O4 catalyst 
is a prerequisite for this reaction to take place 
and the leaching of active copper species into 
the solution was almost nonexistent, thus mak-
ing no significant contribution to the yield. 
To justify organic reactions utilizing hetero-
geneous catalysts in development of more envi-
ronmentally benign processes, the facileness of 
separation as well as the recoverability and re-
usability of the catalysts should be taken into 
account. The CuFe2O4 was therefore studied for 
the recoverability and reusability in the cross-
coupling reaction. The reaction was performed 
at 140 °C in DMAC solvent for 24 hours, using 
indole (0.5 mmol) with one equivalent of TBHP 
as an oxidant, with 15 mol% CuFe2O4 catalyst. 
After the first run, the CuFe2O4 catalyst was 
removed from the reaction solution by an exter-
nal magnetic field, washed with large amounts 
of distilled water, ethanol, ethyl acetate, and 
acetone to remove any physisorbed reagents, 
dried at 140 °C under vacuum in 180 min, and 
reutilized in further reactions with conditions 
identical to those of the first run. It was illus-
trated that the CuFe2O4 catalyst could be re-
covered and reutilized nine times in the cross-
coupling reaction without significant compro-
mise of catalytic activity. Evidently, the yield of 
3,3’-diindolylmethane still reached 74% after 
eight runs, which is 8 percent point lower than 
the yield achieved at the first run (Figure 12). 
The recoverability of the CuFe2O4 catalysts be-
fore and after nine runs was illustrated by XRD 
diffractograms (Figure 13), indicating that 
crystal morphology of the CuFe2O4 material 
was almost unchanged after eight times of re-
use. 
4. Conclusion  
In this study, the CuFe2O4 nanoparticles 
were used as heterogeneous catalyst for the 
cross-coupling reaction of indole to create 3,3’-
diindolylmethane as the major product. The op-
timal conditions that gave the highest yield 
consisted of TBHP as oxidant in DMAC sol-
vent, temperature of 140 °C, reaction time of 
24 hours and catalyst quantity of 15 mol%. The 
CuFe2O4 demonstrated higher catalytic activity 
in the cross-coupling reaction than other mag-
netic heterogeneous catalysts, such as: 
CoFe2O4, NiFe2O4, Fe3O4, and Fe2O3. We also 
further confirmed that the reaction could only 
proceed to create 3,3’-diindolylmethane in the 
presence of the CuFe2O4 catalyst and that the 
contribution from leached active sites of the 
CuFe2O4 catalyst was negligible. Furthermore, 
the CuFe2O4 nanoparticles could be easily re-
moved from the reaction solution by an exter-
nal magnetic field and could be reutilized for 
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